The non-operative management of splenic injury in children is recommended widely, and is possible in over 95 per cent of episodes. Practice appears to vary between centres.
Introduction
The importance of splenic preservation in children sustaining splenic injury is widely recognized; however, reports continue to show variation in treatment depending on where children are managed, and by whom 1 -4 . There is evidence that the rate of non-operative management is higher when children are treated in dedicated paediatric centres, and that those treated in adult trauma centres are more likely to be managed surgically 4, 5 .
The aim of this study was to determine whether a difference exists in England and Wales in the management of children with isolated splenic injury in paediatric or adult hospitals.
Methods
The Trauma Audit and Research Network (TARN) was interrogated 6 . Children between the ages of 0 and 16 years who had sustained an isolated splenic injury between January 2000 and December 2015 were identified. Isolated was defined as not having any other injury that would affect management; children with an Abbreviated Injury Scale (AIS) score of 1 or 2 in other body regions were included 7 .
The main study outcomes were the rate of non-operative management, blood transfusion, duration of hospital stay, rate of readmission to hospital and mortality in children managed in paediatric surgical compared with adult hospitals. Details of the injury were recorded and their severity scored using the AIS, based on imaging or operative findings 7 . The AIS grade of injury was determined by trained coders in the individual NHS trusts and verified by TARN. Information on readmission to hospital has been collected routinely since October 2005. Outcome, in terms of survival or death, was based on assessment at discharge or 30 days, whichever was first.
Each hospital within the TARN database was assigned a status as either a paediatric surgical centre or an adult centre. The definition of a paediatric surgical hospital was one in which there was an in-house paediatric surgeon on the full-time staff. Adult hospitals were those that did not have a paediatric surgeon present. Outcomes were compared between children managed in adult and paediatric hospitals. Outcomes were compared for the early and later part of the study interval (2000-2007 and 2008-2015) , and for different ages of children (0-10 and 11-15 years).
Statistical analysis
χ 2 test, Fisher's exact test (for small numbers) and MannWhitney-Wilcoxon test were used for comparative data, as appropriate. P < 0⋅050 was deemed statistically significant.
Results
There were 574 isolated paediatric splenic injuries reported to TARN between January 2000 and December 2015.
Twenty-one hospitals were defined as paediatric surgical centres and 95 as adult hospitals. Of the 574 children, 301 were treated in paediatric centres and 273 in adult centres. Demographics in terms of age, sex and spread of severity of injury were comparable ( Table 1) . Blunt trauma accounted for 99⋅7 per cent of all splenic injuries. The overall rate of non-operative management was 86⋅1 per cent. Of 80 children who had an operation, 54 had a splenectomy and 26 had spleen-conserving surgery.
The rate of non-operative management was 95⋅7 per cent in paediatric surgical hospitals, with a 2⋅3 per cent splenectomy rate, compared with 75⋅5 per cent in adult hospitals (P < 0⋅001) with a 17⋅2 per cent splenectomy rate (P < 0⋅001) ( Table 1 ). The median duration of hospital stay was 5 days in adult hospitals compared with 7 days in paediatric hospitals. Readmission rates were low for both paediatric (1⋅7 per cent) and adult (4⋅4 per cent) centres. There were no deaths. Table 2 shows the number of patients treated operatively according to the grade of injury. The distribution of grade of injury was similar for those treated in adult and paediatric centres, but the operative rates were markedly higher in adult hospitals for all grades of injury. Of note, children with grade 5 injuries treated in paediatric hospitals had a higher non-operative management rate (90 per cent) than those with grade 2 injuries treated in adult hospitals (86 per cent). Eleven children (14 per cent) with a grade 2 splenic injury were treated surgically in adult hospitals.
The majority of children who underwent operative management did so within the first 24 h after injury: 75 per cent in adult centres and 62 per cent in paediatric centres ( Table 3) . Only 2⋅6 per cent of children (13 of 494) managed without operation received a blood transfusion, compared with 18 per cent of those managed surgically (14 of 80).
Of young children (aged 0-10 years) with splenic injury, 85 per cent (76 of 89) were managed without surgery Values in parentheses are percentages. AIS, Abbreviated Injury Scale. 
Discussion
Until the 1960s most authorities recommended splenectomy for all children with traumatic splenic rupture and cited mortality rates of up to 100 per cent if surgery was not performed promptly 8 . Then, knowledge of overwhelming postsplenectomy infection increased and non-operative management gradually became the standard of care 9, 10 .
Several large studies have shown that over 95 per cent of splenic injuries in children can be managed conservatively, even in those with severe injury, with low morbidity and mortality rates 11, 12 . However, the rate of surgical intervention varies significantly between centres 1 -4,13-16 . Differences in management have been demonstrated between paediatric and adult centres, in trauma and non-trauma centres, in rural and urban centres, and in high-volume compared with low-volume centres 13 -16 . This examination of the TARN database has shown a significant difference in the rate of non-operative management of splenic injury in children treated in paediatric surgical hospitals (95⋅7 per cent) and adult hospitals (75⋅5 per cent) in England and Wales between 2000 and 2015. Some 2⋅3 per cent of children in hospitals with a paediatric surgeon had a splenectomy, compared with 17⋅2 per cent of children treated in an adult hospital. There was a low rate of readmission to hospital and there was no mortality in this 16-year interval.
There has been an improvement in the rate of non-operative management in adult hospitals more recently (increasing from 65 per cent in 2000-2007 to 78⋅9 per cent in [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] ; however, there is still a significant discrepancy, and rates of non-operative management in paediatric surgical centres have been above 95 per cent throughout. The number of patients managed in adult compared with children's hospitals was similar, despite there being far fewer paediatric hospitals (21 versus 95 adult centres). The resultant increased caseload in paediatric centres may have influenced decisions on management.
There was a trend towards more children having surgery more than 24 h after injury in paediatric compared with adult hospitals (38 versus 25 per cent respectively), and the rates of splenic salvage surgery were higher in paediatric hospitals (46 per cent versus 30 per cent in adult centres). These results did not reach statistical significance, but suggest that, as well as more patients having non-operative management in paediatric centres, there may have been more patients who had a trial of non-operative management that was ultimately unsuccessful. There were significant differences in the rate of non-operative management across all age groups, but the most marked difference was in children aged 11-15 years. This could be because adult surgeons are more likely to seek advice on the management of younger children.
There are several controversies in the management of children with traumatic splenic injury, such as the use of blood products, the role of angioembolization, splenic salvage surgery, and the optimal method of non-operative management including ICU care, the duration of stay in hospital for observation, bed rest and follow-up imaging. Evidence-based guidelines have been created and updated to assess these parameters 17 -19 . As a population-based study, the reasons and decisions for non-operative or operative management, and subsequent care, were outside its scope.
Children with splenic injuries, even those with a severe injury, can be managed conservatively with low morbidity and mortality. Ideally, children should be managed in dedicated high-volume paediatric surgical hospitals, but in practice adult general surgeons will often be involved in their care. It is important for all surgeons treating injured children to be competent in managing splenic injuries and to be aware that the vast majority of children can be managed safely without surgery, regardless of the grade of splenic injury.
